Background. Ingredient labels on products used by consumers and workers every day, such as food, cosmetics, and detergents, can be difficult to read and understand. Objective. To assess whether typographical design and ordering of ingredients can improve the readability of product ingredient labels. Methods. The study subjects (n = 16) had to search for two target ingredients in 30 cosmetic product labels and three alternative formats of each. Outcome measures were completion time (reading speed), recognition rate, eye movements, task load and subjective rating when the reading of ingredient labels was assessed by video recording, an eye tracking device, and questionnaires. Results. The completion time was significantly lower (p < 0.001) when subjects were reading all alternative formats than when they were reading the original. The recognition rate was generally high, and improved slightly with the alternative formats. The eye movement measures confirmed that the alternative formats were easier to read than the original product labels. Mental and physical demand and effort were significantly lower (p < 0.036) and experience rating was higher (p < 0.042) for the alternative formats. There were also differences between the alternative formats. Conclusions. Simple adjustments in the design of product ingredient labels would significantly improve their readability, benefiting the many allergic individuals and others in their daily struggle to avoid harmful or unwanted exposure.
exposure to specific ingredients may cause harm to individuals, and may even be fatal for those who suffer from some allergies. However, the usefulness of ingredient labels is lessened by the fact that they may be difficult to read, and this, together with often complex terminology, can make it difficult to avoid harmful or other unwanted exposures.
In a study from 2008, food-allergic subjects were instructed to purchase 15 specified foods that were potentially problematic from an allergy aspect (1) . They were observed and interviewed in the shop. The subjects found the readability of the labels problematic, and complained about, for example, font size and colour contrast. The ability of patients with contact allergy to avoid exposure to allergens in cosmetic products has been studied with qualitative research methods. The findings of Noiesen et al. (2, 3) have shown that many patients find it difficult or extremely difficult to read the ingredient labelling of cosmetic products. Noiesen et al. concluded that readability must be improved to facilitate allergen avoidance. In a questionnaire study in fragrance-allergic patients, 85% stated that clearer ingredient labelling would increase its benefit (4) . According to the EU Cosmetics Regulation and its predecessor, the Cosmetics Directive, the information on the package should be written in 'indelible, easily legible and visible lettering' (5, 6) . This is rather similar to the requirements for labelling of foods. A new EU regulation on food information for consumers will apply from 13 December 2014, and includes a requirement for a minimum font size (0.9 or 1.2 mm, depending on the package surface area) for mandatory information such as that in the ingredient label (7) . Apart from this, there are no quantitative requirements in the EU regarding the typographical design of ingredient labels of products used by consumers.
The aim of reading a label is usually to obtain specific information, such as what a product contains or whether a product contains an allergen. The information is encoded in letters, numbers and words that can be expressed with varying legibility, depending on font, size, contrast, spacing, etc. Our eyes are remarkably efficient, even in poor visual conditions, but we can only see sharply in a very small portion of the visual field (six or seven letters at a time) (8) . This means that our eyes move along the text while we are reading. For us to see clearly, the visual image needs to be stabilized on the retina in a 'fixation'. When reading, we move from fixation to fixation by using rapid eye movements called 'saccades'. Most saccades move forward to obtain more information, but some go back to previously read information to revalidate it. It is during the fixations that we decode letters and words, process the information obtained so far, and decide where to move the eyes next (9) . Analysis of eye movement patterns can thus offer valuable insights into the reading process. Readability is commonly referred to as the ease with 'which the meaning of a text can be comprehended' (10) , that is, how easy it was to solve the reading task. It is usually measured in terms of reading speed and comprehension, but, given the subjective nature of the task, it is also common to include additional inventories to better understand the reading situation.
The aim of this study was to assess how product ingredient labels are read by consumers, and to determine whether adjustments to the typographical design and different ordering of the ingredients on the labels could improve the readability. To do this, we designed an experiment in which subjects read ingredient labels with different designs under controlled conditions while we recorded their performance.
Materials and Methods
A repeated-measurements experiment was designed in which each subject was instructed to find two target ingredients in 30 cosmetic products by reading the ingredient labels presented in four different formats ( Fig. 1) : Fig. 1 . Example of an ingredient label in each of the four formats (in scale 1:1). A = original typography on real products with ingredients ordered by concentration. B = enhanced typography with ingredients ordered by concentration. C = enhanced typography with ingredients ordered alphabetically. D = enhanced typography with ingredients ordered alphabetically and subheadings for fragrances and preservatives.
A Original typography on real products with ingredients ordered by concentration B Enhanced typography with ingredients ordered by concentration C Enhanced typography with ingredients ordered alphabetically D Enhanced typography with ingredients ordered alphabetically and subheadings for fragrances and preservatives
Outcome measures
To evaluate how the formats affected readability, the reading speed was defined as the time required to determine whether or not a product contained the ingredients, and the recognition rate was defined as the ratio of correct responses. To determine how the formats affected the reading process, the eye movements of the subjects were recorded while they were reading, and the task load was rated by use of the NASA-TLX (Task Load Index) inventory (11) upon each format being finished.
To determine which format the subjects preferred, a subjective experience and preference inventory was completed when the last format was finished. The null hypothesis of the experiment was no difference between the formats in completion time, recognition rate, eye movements, task load, experience, or preference.
Subjects
Sixteen subjects recruited by advertisement participated in the experiment (age 20-44 years, median age 23 years, eight females). The inclusion criteria were age 18-65 years, ability to read newspaper text without spectacles, and no heavy eye makeup, as these may interfere with the eye tracking device. Contact lenses were allowed. Two additional subjects were excluded, one because of a faulty audio recording, and one because of problems with the eye movement recordings. The study adhered to the tenets of the Declaration of Helsinki, and was approved by the regional ethics review board in Stockholm, Sweden. All subjects gave written informed consent before taking part in the study.
Stimuli: ingredient labels
The 30 products used in the experiment were selected from a collection of 92 shampoos and 61 hair conditioners considered to be common on the Swedish market (12) . The number of ingredients ranged between 6 and 47 (median 24). We wanted to reduce this range, as it was outside the scope of this study to discuss the composition of products. The products in the lower and upper quartiles, in terms of number of ingredients, were excluded, leaving 80 products. In order to balance the sample in terms of readability, five colleagues of K.Y., who were not involved in the study, independently picked out the 15 products that they thought had the best readability and the 15 that they thought had the poorest readability. The 15 products picked by most as best and poor, respectively, were included in the experiment. The number of ingredients in the final sample ranged between 17 and 31 (median 24.5).
The typographical design of the ingredient labels on the selected original products was analysed, and areas of improvement were identified, on the basis of established knowledge of graphical design and readability. This formed the basis for the development of three alternative formats ( Table 1) .
The alternative formats were all typographically improved as described in Table 1 ; the difference among them was in how the ingredients were presented (Fig. 1) . In alternative B, the ingredients were ordered by concentration (as in the original products). In alternative C, the ingredients were ordered alphabetically. In alternative D, the ingredients were ordered alphabetically and also had subheadings for fragrances and preservatives. These subheadings were chosen because these categories are among the most problematic groups of contact allergens in cosmetics. The alternatives were designed in a size that, with only minor rearrangement of the surrounding text, would fit on the selected products. Thirty ingredient labels, which were exact copies of the original products in terms of content, were produced in formats B, C, and D, respectively.
The alternative ingredient labels were printed on white paper (Colotech 100 g; Xerox, Norwalk, CT) and pasted on pieces of light grey cardboard (Folia 300 g; Folia Bringmann, Wendelstein, Germany) measuring 10 × 15 cm 2 . The ingredient labels of the original products were framed with cardboard (approximately 1.5-cm-wide edges) of the same light grey colour as for the alternatives (Folia 130 g; Folia Bringmann). This was done so that all ingredient labels would have a similar frame, and to help the subjects to focus on the ingredient labels during the experiment (Fig. 2 ).
Apparatus
The experiment took place in a dedicated light laboratory in a room of size 225 × 320 cm 2 , with a ceiling height of 290 cm. Two fluorescent tube armatures with microprism diffusers symmetrically placed over the subject produced a total of 500 lux with a colour temperature of 3300 K. The walls were covered with grey curtains in order to create a neutral and even environment covering the Table 1 . The main typographical shortcomings of the ingredient labels of a sample of cosmetic products (shampoos and hair conditioners, n = 30) purchased in Sweden, and the improvements that were applied when the alternative formats were designed subject's visual field. One researcher (K.Y.) performed the experiment in the laboratory with the subject. One other researcher (G.S.) monitored the recordings and logged the subject's progress and responses in the adjacent control room. Eye movements were recorded with the Food and Drug Administration-approved Chronos Eye Tracking Device (C-ETD) (Chronos Vision GmbH, Berlin, Germany). It uses infrared video technology to record the eye movements.
The subject wears a helmet-like device that holds miniature video cameras, mirrors, and infrared light sources. For the experiment, the video cameras were configured to record eye movements at 100 Hz with a resolution of 200 × 150 pixels. An additional scene camera on the helmet recorded sound and the point of view of the subject at 30 Hz with a resolution of 640 × 480 pixels. With a scene camera, the eye tracker weighs ∼ 500 g. No part of the helmet obscured the view of the products.
Procedure
Each subject was first informed about the experiment in writing, and was then asked to consent to participate. The eye tracker was introduced, and the subject was then comfortably seated in the light laboratory and introduced to the experimental task.
The subjects were instructed to search for the preservative cetrimonium chloride and the fragrance substance hexyl cinnamal in ingredient labels on original products and cards. They were informed that the ingredient labels could contain one, both or neither of the compounds. The subjects were asked to report the result orally after reading each label. Four products contained both of the ingredients, 14 contained one ingredient, and 12 contained neither of the ingredients. The ingredients were declared on equal numbers of products regarded to have the best readability and to have the poorest readability. A slip of paper with the names of the two ingredients was placed in front of the subject throughout the experiment. The presentation order of the 30 products within each format (A-D) was randomized, and the order of trials with formats A-D was balanced over the experiment according to an orthogonal latin-square design to avoid test order effects.
Each trial with a new format (A, B, C, or D) began with a calibration of the eye tracker. The subjects were instructed to look sequentially at five dots in a crosshair pattern on a piece of cardboard held at a fixed distance so that the visual angle between the dots was 6
• . Then, the first ingredient label (original product or card) was handed to the subject. After reading the label and orally reporting the number of ingredients found, the subject handed it back and received the next, until all 30 products had been examined. The recording was then stopped, and the subject took off the helmet. The subject then proceeded with rating the task load by using the NASA-TLX inventory (11) , in which mental, physical and temporal demands, and performance, effort and frustration levels, are a rated on a continuous scale of 0-100 (low to high). When all trials had been completed, subjects were shown the ingredient labels presented in all different formats, and asked to complete a subjective preference inventory. First, they selected which format they preferred, and then they were asked to rate each format in turn regarding readability, legibility, ease, speed and organization on a discrete scale of 1-5 (very poor to very good). The order in which the formats were shown and rated for preference was randomized for each subject.
Analysis of eye movements
Eye movements were classified as transient, fixational, or saccadic, and loss of data was classified as either eye blinks or distortions. See File S1, including Tables S1-S3, for more details.
Statistical analysis
One-way repeated-measures anovas with post hoc paired t-tests were used for parametric data (completion time and eye movement parameters). Friedman anovas with post hoc Wilcoxon signed ranks tests were used for non-parametric data (recognition rate, task load, and experience). The preference was analysed with chi-square tests for ratios. Assumptions about normality were made a priori. All tests were two-tailed, with alpha set to 5% (p = 0.05). The post hoc tests were Holm-Bonferroniadjusted for multiple comparisons. All statistical analyses were performed with origin pro™ 8 software.
Results
The total duration of the experiment for each subject (n = 16) was ∼ 1 hr, and ∼ 30 min were spent on reading ingredient labels. The results for completion time, recognition rate, eye movements, task load and subjective preference are presented below (Figs. 3-5 and Table 2 ). 
Completion time
Completion time is a reflection of the reading speed, and was calculated as the time in seconds from the onset of reading a label to the oral response. The results were averaged over the 30 products for each format (Fig. 3a) . There were significant differences between the formats (F 3,45 = 40.44, p < 0.001). Pairwise comparisons showed that the completion time was significantly lower for formats B, C and D than for format A (the original product) (t > 6.28, p < 0.001). Completion time was also significantly lower for format C (t = 2.68, p = 0.013) and format D (t = 3.75, p < 0.001) than for format B.
Recognition rate
Recognition rate was calculated as the percentage of correct responses for which ingredients the products contained. There were no significant differences between the formats [χ 2 (3) = 2.38, p = 0.50]. The success rate was generally high, and was slightly better for formats B, C and D than for format A (Fig. 3b) .
Eye movements
The eye movement recordings were analysed for each ingredient label from the onset of reading a label to the oral response regarding the number of ingredients found. Eye movements were classified as either saccades, fixations, transients, or distortions. Recordings with > 10% of data missing (n = 32) or an exceptionally high transient count (> 20, n = 61) or distortion count (> 18, n = 5) were excluded from further analysis. The results from the remaining samples (n = 1822) were averaged over the 30 products for each format. The number of fixations per label differed significantly between the formats (F 3,45 = 29.65, p < 0.001). Pairwise comparisons showed that formats B, C and D significantly reduced the number of fixations (t > 5.21, p < 0.001). The comparisons also showed that formats C and D significantly reduced the number of fixations (t > 2.48, p < 0.017) as compared with format B. The fixation durations differed significantly among the formats (F 3,45 = 10.68, p < 0.001). Pairwise comparisons showed that all alternative formats significantly reduced the fixation duration (t > 4.06, p < 0.013). The drift of the fixations also differed significantly (F 3,45 = 7.4, p < 0.001). Pairwise comparisons showed that all alternative formats significantly reduced the fixational drift (t > 3.11, p < 0.003) ( Table 2 ).
The number of saccades per label differed significantly between the formats (F 3,45 = 32.85, p < 0.001). Post hoc pairwise comparisons showed that formats B, C and D reduced the number of saccades (t > 5.86, p < 0.001) as compared with format A. The comparisons also showed that format D significantly reduced the number of saccades (t = 3.13, p = 0.017) as compared with format B. There were no significant differences in the amplitude or velocity of the saccades between the formats (Table 2) .
Task load
Task load was enumerated as the number of millimetres to the left of the tick mark on the NASA-TLX scales. Friedman anovas showed significant differences for all factors except temporal demand [χ 2 (3) > 10.09, p < 0.018] (Fig. 4) . Post hoc analysis with paired Wilcoxon signed rank tests and Holm-Bonferroni correction showed that the ratings of mental and physical demand, and effort, were significantly decreased for all alternative formats (B, C, and D) (Z < −2.10, p < 0.036). The alphabetical format (C) improved the performance rating significantly as compared with the original product labels (Z < −2.11, p = 0.035). The alphabetical format also reduced the mental demand significantly as compared with the typographical format (Z = 1.97, p = 0.048). The categorical format (D) reduced the frustration level significantly as compared with the original product labels (Z < −2.31, p = 0.021).
Subjective preference
Experience ratings were enumerated as a score between 1 (very poor) and 5 (very good) (Fig. 5) . Friedman anovas showed significant differences for all factors between all formats [χ 2 (3) > 29.89, p < 0.001]. Post hoc analysis with paired Wilcoxon signed rank tests and Holm-Bonferroni correction showed that the alternative formats increased the score significantly for all factors as compared with the original product labels (Z < −2.03, p < 0.042). The alphabetical format (C) increased the ratings for speed and structure significantly as compared with the typographical format (B) (Z < −2.19, p < 0.029). The categorical format (D) increased the ratings for legibility, ease, speed and structure significantly as compared with the typographical format (Z < −2.32, p < 0.020). It also increased the ratings for legibility and structure as compared with the typographical format (Z < −2.03, p < 0.042).
When the subjects were asked which format they preferred, none chose the original product label A. One preferred the typographical labels B; four preferred the alphabetical labels C; and the majority preferred the categorical labels D. A chi-square test of the preference indicated the difference in preference to be statistically significant [χ 2 (3) > 9.58, p < 0.22].
Discussion

Main findings
In this study, the readability of the ingredient labels of a sample of cosmetic products was compared with that of three alternative formats. To assess the readability, we used several measures -both subjective and objective -that are generally acknowledged and frequently used for this purpose. The readability of the alternative formats was significantly improved as compared with the original product labels. The alternative formats were designed on the basis of established knowledge of typographic rules and readability. The alternatives with the best design in terms of readability had typographical improvements, an alphabetical order of ingredients, and ingredients sorted into categories. The eye movement results show that the typographical improvement reduces the fixation times, and that alphabetical ordering and categorization of ingredients reduce the number of fixations needed to find an ingredient.
Strengths and limitations
We did not consider the problems regarding ingredient terminology in this study. The often long and difficult cosmetics ingredients INCI (International Nomenclature of Cosmetic Ingredients is the legal requirement in the EU) names have been shown to be a significant obstacle when trying to avoid allergen exposures (3). Similar problems have been discussed concerning food labelling (13) . This question was considered too complex to be handled within the scope of the present project. Notwithstanding this limitation, the improvements in readability were large, and unambiguously shown by several objective and subjective measures. The improvements were achieved by applying broadly recognized typographical rules and principles to the original text. This proves that it is relatively easy to produce more accessible product information, although the ingredient names may be difficult. The experimental design in combination with objective measurements was cost-effective and suitable for the purpose of the study.
Other studies
There is, to our knowledge, no prior research on how ingredient labels are read by consumers, or on how they should be designed to improve readability. However, there are a number of studies on nutrient labelling (14) . The aim has typically been to assess the understanding and use of various labelling formats with largely subjective measures, but some studies have also used eye tracking to obtain objective data (15) (16) (17) . The results suggest that enhanced legibility and highlighting of specific nutrients can improve readability. Although ingredient and nutrition labelling do not serve the same purpose, they still share many important properties. Their inclusion is typically regulated, and the space allowed for them is limited. They are attached to consumer products with varying sizes, shapes, and colours. Both carry important information for the consumer presented under similar, and often challenging, conditions for reading.
Possible implications
In the new EU regulation on food information for consumers, it is stated that an approach should be developed that considers all aspects related to legibility, including font, colour, and contrast (see preamble point 26) (7) . In addition, the European Commission should establish rules for legibility ( §13, point 4). Several features of the alternative formats in our study could (rather easily) be introduced as requirements in various EU regulations concerning cosmetics, food, household products, etc. It should also be said that industry could introduce several of these requirements voluntarily now, even though they are not yet mandatory.
We wish to address some of the most important shortcomings and suggest improvements:
Font size. The font size was, in some cases, so small that even people with normal vision experienced problems in reading the original ingredient labels. A minimum font size requirement would be an important step towards improved readability. Such requirements are already specified in the United States for labelling of cosmetic ingredients, and in the EU regulation on food information (which will apply from December 2014) (7, 18) . We suggest that regulators also follow these examples regarding other product types, such as cosmetics and other chemicals.
Poor contrast. Poor contrast between text and background impairs the readability severely. This problem could be easily eliminated by the use of standardized labels with black text on a white background. It may be argued that such a requirement is unfavourable from a product design aspect. However, it should be recognized that the primary function of ingredient labelling is to inform consumers, being a tool for safety and health protection and essential for allergic individuals. Thus, aesthetic aspects should not take precedence.
Alphabetical order. According to the current EU regulations on food and cosmetics, ingredients should be listed in descending order by weight. It was instructive to see the substantial positive effect that was achieved by merely alphabetically sorting the ingredients. All measures in our study showed this. To the patient, consumer or worker who needs to avoid exposures to a specific ingredient, there is no meaning to ingredients being listed by weight, as required now. We thus suggest that alphabetical order should be used for ingredient labelling.
Other features. Additional features that would be beneficial and that appear to be easy to implement are clear separation between ingredients, left alignment of the text, and typeface and line spacing suitable for the font size.
Future research needs
Our study had its starting point in considering cosmetic ingredient labels in which complex INCI names may be difficult to understand. It would be of considerable interest to study how the terminology of ingredients could be made simpler and more accessible to consumers.
Conclusion
Our study shows that rather simple adjustments in the design of consumer product ingredient labels would improve their readability and clarity significantly; this would be of great benefit to the many allergic individuals and others in their daily struggle to avoid harmful or unwanted exposures and negative health effects. Qualitative and quantitative requirements regarding the typographical design of ingredient labels should be introduced in relevant EU regulations.
